Tobacco mesophyll protoplasts infected with raspberry ringspot virus (RRV) show faint generalized staining when treated with fluorescent antibody to RRV, but many brightly staining granules develop after inoculation with a mixture of RRV and the CAM strain of tobacco rattle virus (TRV-CAM). The phenomenon occurred with three different strains of RRV but not when tobacco mosaic virus, or two other strains of tobacco rattle virus, were substituted for the CAM strain. The RRV antigen aggregates were produced only in protoplasts that synthesized TRV-CAM nucleoprotein, and they seemed not to result from enhanced accumulation of RRV. They were also produced in intact leaves of doubly infected Nicotiana benthamiana plants, and in protoplasts from singly infected plants that were superinfected with the second virus of the pair.
INTRODUCTION
Examples have long been known where infection of a plant with two unrelated viruses results in systemic disease symptoms that are more severe than expected from the effects of each virus on its own. In contrast, there is only scanty evidence of such synergistic phenomena at the cellular level. However, the concentration of potato virus X is greater in tobacco plants infected also with potato virus Y than in plants infected with potato virus X only (Rochow & Ross, I955) , and protoplasts obtained from doubly infected leaves stained more intensely with fluorescent antibody to potato virus X than those from singly infected leaves (Goodman & Ross, I974) . Electron microscopy of thin sections revealed that the majority of leaf cells contained the 'pinwheel' structures typically associated with infection by potato virus Y, and more than 7o O/o of the protoplasts stained with fluorescent antibody to potato virus X. Thus it was deduced that potato virus X accumulation was enhanced in doubly infected cells (Goodman & Ross, 1974) .
Examples of double infection induced by inoculating protoplasts from uninfected leaves with unrelated viruses include that of tobacco mosaic and potato X viruses (Otsuki & Takebe, I976) , another combination that results in increased accumulation of potato virus X in intact plants (Rochow & Ross, I954) , but there is no mention that the intensity of staining of protoplasts with fluorescent antibody to potato virus X was altered by double infection. In studies on infection of protoplasts with raspberry ringspot virus (RRV) and the CAM strain of tobacco rattle virus (TRV-CAM), however, we found that double infection induces the formation of aggregates of RRV particle antigen that do not occur in singly infected protoplasts (Barker & Harrison, 1977) . In this paper we describe experiments made to elucidate the nature of the interaction between these two viruses.
METHODS
Virus strains. The following virus strains were used: tobacco rattle virus, CAM strain (TRV-CAM; Harrison & Woods, 1966) ; tobacco rattle virus, HSN strain (TRV-HSN; Tomaru, Takanami & Udagawa, 197o) ; tobacco rattle virus, PRN strain (TRV-PRN; Cadman & Harrison, 1959) ; raspberry ringspot virus, English strain (RRV-E; Cadman, 196o) ; raspberry ringspot virus, Lloyd George strain (RRV-LG; Murant, Taylor & Chambers, 1968) ; raspberry ringspot virus, Scottish strain (RRV-S; Harrison, I958a); tobacco mosaic virus, type strain (TMV); tomato black ring virus, potato bouquet strain (TBRV; Harrison, I958b ) .
The TRV strains were purified as described by Cooper & Mayo (1972) from systemically infected leaves of Nicotiana clevelandii. The long and short nucleoprotein particles from purified preparations were separated by two cycles of sedimentation in sucrose density gradients. RRV-E and RRV-S were purified from systemically infected leaves of N. benthamiana, RRV- LG from systemically infected leaves of Chenopodium quinoa and TBRV from systemically infected leaves of N. clevelandii, by the butanol clarification method described by Murant et al. (1972) .
Preparation, inoculation, culture and fluorescent antibody staining of protoplasts. In general, the methods of Barker & Harrison (1977) were used. Unless otherwise stated, the protoplasts were prepared from leaves of tobacco (N. tabacum cv. Xanthi). When one virus was inoculated before another, the following procedure was used. The first inoculation was as normal but the protoplasts were not washed when the second inoculation was to follow within 5 min. When the second inoculation was to be after a longer interval the protoplasts were washed twice in O'7M-mannitol containing o'I mM-CaC12 and kept in mannitol solution until the second inoculation, which was as normal, and followed by the standard washing procedure.
The standard inoculation mixtures contained virus at I #g/ml, poly-L-ornithine at I/zg/ml, and 5 to 8 × lO 4 protoplasts/ml in 0.025 M-potassium phosphate buffer, pH 6.o, containing o'7 M-mannitol. Inoculated protoplasts were incubated for 2 or 3 days at 22 °C. Infection was assessed by counting the percentage of surviving protoplasts that stained with fluorescent antibody to virus particles.
Infectivity assay. Known numbers of live protoplasts were disrupted in a total volume of I mt o.oi M-phosphate buffer, pH 7"o, containing o.85% NaCI (PBS), using a ground glass tissue grinder, and the extracts stored at -15 °C. When required, the samples were thawed and insoluble material sedimented at 8ooog for 3 min. To assay infectivity of 
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either RRV-E or TRV-CAM in the supernatant fluids, samples were treated with antiserum or y-globulin to the other of the two viruses. The amount of antibody was chosen so that the infectivity of the homologous virus was neutralized and the infectivity of the heterologous virus barely affected. The antiserum to TRV-CAM had a reaction end point in tube precipitin tests of 1/64o. Antiserum to RRV-E also had a titre of 1/64o; y-globulin was prepared from this antiserum by precipitation with 5o% saturated ammonium sulphate solution at pH 7"o and resuspended in o'85 % NaC1 to the original volume. To neutralize RRV-E for TRV-CAM assay, reaction mixtures contained extract at a final concentration equivalent to 1.4 x Io ~ protoplasts/ml, y-globulin from antiserum to RRV-E at I/8o, o.oI M-phosphate buffer, pH 7"3, and o'4% NaC1. To neutralize TRV-CAM for RRV-E assay, reaction mixtures contained extract equivalent to o'3 to 1.4 x I@ protoplasts, antiserum to TRV-CAM at ~/4o to ~/8o, phosphate buffer and o'4% NaC1. The reaction mixtures were incubated for I5 min at 37 °C in a water bath, and then at 4 °C for I to 2 h. Insoluble material was sedimented at 8ooo g for 5 min and the supernatant fluids inoculated at a range of dilutions on Carborundum-dusted leaves of Chenopodium amaranticolor, with the samples being distributed among leaves of a batch of plants using a Latin square design. Phosphate buffer (o.o6 M, pH 7"3) was used as the diluent. Each inoculum was applied to eight leaves or half-leaves. TRV-CAM produced large necrotic lesions whereas RRV-E produced small chlorotic lesions. Antigen assay. Virus particle antigen was assayed using antibody-sensitized latex as described by Kubo et al. (I975) . The precipitation end points of the protoplast extracts were not affected by previous storage at -15 °C for up to 2 weeks; fresh extracts were assayed in some experiments and frozen extracts in others.
Binding of virus particles to antibody-coated electron microscope grids.
A modification of the technique of Derrick (I973) was used. Carbon-filmed grids with 30 #m diam. holes were floated for 3 h at 37 °C on diluted antiserum to one of the viruses, and then washed free of excess antiserum. A pellet of protoplasts was ground with an equal volume of 6oo-mesh Carborundum in a small dish using a glass rod, and resuspended in distilled water at a concentration equivalent to 2 x lO s protoplasts/ml. The sensitized grids were then floated for 3 to 36 h at 4 °C on drops of the protoplast extract placed on waxed slides in Petri dishes lined with moist filter paper. After a suitable time the grids were removed, excess liquid drained off and the specimens stained by placing one drop of 2 % sodium phosphotungstate, pH 6"5, on the grid, then draining and drying. The results were assessed by counting the numbers of virus particles in randomly selected electron microscope fields photographed at x 100oo. Controls included heterologous viruses and samples of purified homologous virus at a series of known concentrations.
Turbidity of virus preparations. The development of turbidity in virus preparations was followed at 320 nm, using Io mm path-length silica cells held at constant temperature in the water-circulating cell hoIder of a Pye Unicam SPISoo spectrophotometer.
Density gradient electrophoresis. The apparatus used and experimental method were essentially as described by van Regenmortel (I964) but the buffer in the density gradient was o.o6 M-phosphate, pH 7"5. The gradient was loaded with about I mg purified virus in z to 3 ml phosphate buffer containing an appropriate concentration of sucrose, and phenol red. Electrophoresis was for 24 to 30 h at 4 °C with a current of about 2o mA and potential difference of about 2oo V. After electrophoresis, the positions of the light-scattering band produced by the virus and of the phenol red were measured and the R~b value calculated. 
Each virus was at I/zg/ml in the inoculation mixture.
Figures are percentage protoplasts with antigen aggregates.
RESULTS
Specificity of the interaction producing antigen aggregates
No antigen aggregates developed when protoplasts were inoculated with any one of three strains of RRV, but when each was combined with TRV-CAM, antigen aggregates were produced in all three kinds of doubly infected protoplast (Table 0-Fluorescent antibody to RRV-E was used to detect all three strains, and the staining ofprotoplasts was slightly less intense when they were infected with TRV-CAM and RRV-S or TRV-CAM and RRV-LG than with TRV-CAM and RRV-E. Of these RRV strains, S and LG are closely related serologically, whereas E is more distantly related. The relative intensity of staining may therefore simply reflect the degree of relatedness of the strains to RRV-E and not any difference in ability to induce antigen aggregates in protoplasts infected with TRV-CAM.
Although all three strains of RRV produced antigen aggregates in protoplasts infected with TRV-CAM, another nepovirus, TBRV, did not. When treated with fluorescent antibody to TBRV 2 days after inoculation, 94 % of protoplasts inoculated with TBRV and 89% of those inoculated with TRV-CAM and TBRV gave weak generalized staining; 49 0/0 of the protoplasts inoculated with both viruses produced TRV-CAM antigen.
To examine the specificity of the other partner in inducing antigen aggregates, protoplasts were inoculated with mixtures of RRV-E and various other viruses (Table 2) . TMV infected readily, and particle antigen was distributed typically, in both singly and doubly infected protoplasts; it did not induce development of RRV antigen aggregates in doubly infected protoplasts. Similarly, neither TRV-HSN nor TRV-PRN interacted with RRV-E to produce RRV antigen aggregates. The production of RRV antigen aggregates was therefore specific to protoplasts doubly infected with RRV and the CAM strain of TRV, which is distantly related serologically to the PRN and HSN strains, which are themselves more closely related (Harrison & Woods, 1966; B. D. Harrison, unpublished results) .
Role of long and short tobacco rattle virus particles in inducing antigen aggregates
When unfractionated TRV-CAM particles were u.v. irradiated before inoculation, their infectivity and ability to induce RRV antigen aggregates in protoplasts infected with RRV-E were both abolished (Table 3 ). The roles of long and short TRV-CAM particles in inducing antigen aggregates were then tested using preparations of each type of particle. The preparation of long particles also contained some short particles, which accounts for 
* S = TRV-CAM short particles at 0"25 #g/ml in inoculation mixture; L = TRV-CAM long particles at o.I #g/ml; unfractionated = TRV-CAM at I #g/m1; unfractionated-u.v. = ultraviolet irradiated TRV-CAM at I #g/ml. RRV-E was at x/zg/ml. The preparation of TRV-CAM long particles contained about 2 ~ (by weight) of short particles.
t Figures are percentage protoplasts with antigen aggregates, the small proportion ofprotoplasts that developed TRV-CAM antigen-producing infections after inoculation with the long particle preparation only (Table 3) ; presumably many other protoplasts produced infective TRV-RNA (Kubo et al. I975) . The preparation of short particles did not induce antigen-producing infections, whereas the re-mixed long and short particles caused many. Ability of the TRV-CAM particle preparations to induce RRV-E antigen aggregates to form in doubly infected cells was directly proportional to their ability to cause TRV-CAM antigen-producing infections. 
Effect of inoculating one virus before the other
When inocula containing virus and poly-L-ornithine are incubated before inoculation, aggregates containing virus particles are produced (Motoyoshi et al. I973; Kubo et al. r976 ) and it seems likely that these can initiate infection, although the question is not finally resolved (Takebe, I975) . Because it seemed probable that such aggregates would contain both viruses when TRV-CAM and RRV-E were inoculated together, tests were made to see whether simultaneous inoculation of the two viruses is a prerequisite for the production of RRV-E antigen aggregates in the protoplasts. A series of tests was made in which inoculation with one virus preceded by various periods that of the other, thus avoiding the formation of mixed aggregates in the inoculum, l~n general, the proportion of TRVinfected protoplasts that developed RRV antigen aggregates was about the same when the viruses were inoculated simultaneously and when inoculation of RRV-E preceded or followed that of TRV-CAM by 5 min or I h (Table 4 )-When the interval was 4 h the virus inoculated second appeared to infect less efficiently. The result of this was that when RRV-E inoculation preceded TRV-CAM inoculation by 4 h, the proportion of protoplasts infected with TRV-CAM decreased, whereas the proportion of TRV-infected protoplasts in which RRV antigen aggregates developed did not decrease; possibly it increased slightly. Also, when TRV-CAM inoculation preceded RRV-E inoculation by 4 h the proportion of protoplasts infected with TRV-CAM was not affected, but that with RRV antigen aggregates diminished.
Effect of double infection on virus yield and quality
The results of an experiment in which the infectivity of extracts of singly and doubly infected protoplasts was compared are shown in Table 5 . To do this, antibody was added to reach a concentration sufficient to neutralize almost completely the infectivity of the homologous virus, apparently without inhibiting infection by the heterologous virus, which could then be assayed using Chenopodium amaranticotor, a host of both. The figures suggest that the yield of TRV-CAM was slightly, and that of RRV-E considerably, decreased in the doubly infected cells. Thus the production of RRV antigen aggregates seemed not to be correlated with production of larger amounts of infective RRV-E. When TR.V-CAM antibody was used (or its control treatment), the reaction mixtures contained protoplast extract at a final concentration equivalent to I "4 x lO 5 protoptasts/ml; when RI~V-E antibody was used the final concentration was equivalent to 1.4 x lo s protoplasts/ml. § Figures are total numbers of lesions in 8 Chenopodium amaranticolor leaves.
In making this interpretation, however, the possibility was not taken into account that the reaction of one virus with its homologous antibody might in some way affect the infectivity of the second virus when this was in the same sample. Further experiments were therefore made in which the infectivity of antibody-treated extracts of doubly infected protoplasts was compared with that of extracts of singly infected protoplasts mixed before treatment with antibody. The total number of protoplasts inoculated with either virus was the same in the two samples. After treatment with antibody, infectivity was assayed at a series of dilutions, and the relative infectivity of the samples calculated as described by Harrison et al. (I976) . The yield of TRV-CAM was similar from the doubly infected and singly infected protoplasts (Table 6 ). With RRV-E, infectivity from the doubly infected protoplasts was somewhat greater than that from the singly infected ones in some tests but not in others. In general, therefore, the results indicate that the numbers of infective particles of either virus occurring in singly and doubly infected protoplasts were similar; they also provide evidence that neutralization of TRV-CAM infectivity by antibody in some way affects the infectivity of RRV-E in the same sample.
The yields of antigen, detectable using antiserum to virus particles, were also determined, using antibody-sensitized latex. The figures indicate that yield of TRV-CAM antigen was slightly decreased in doubly infected protoplasts, but that there was no consistent effect of double infection on yield of RRV-E antigen (Table 7) -Thus, there was no evidence that production of RRV antigen aggregates in protoplasts was related to increased accumulation of either RRV-E particle antigen or infective RRV-E particles.
Several examples are known among plant viruses of double infection leading to the production of nucleoprotein particles made up of the RNA of one virus coated with the t Protoplasts were incubated at 22 °C and harvested after 3 days (Expt. I) or 2 days (Expt. 2); samples contained 5 x io 5 protoplasts/ml.
:1: No antigen was detected in extracts diluted l/2. § Protoplasts inoculated with RRV-E were mixed with. an equal number inoculated with TRV-CAM to give a final concentration twice that in the other samples.
protein of an unrelated virus ('heterologous coating' = 'genomic masking'; Yamamoto & Anderson, I96I) . Although the larger genome parts of TRV and RRV are similar in size (Cooper & Mayo, I97Z; Murant et al. I97Z) , suggesting that TRV-RNA is not too large to be accommodated in a RRV coat, the infectivity data in Table 5 indicate that heterologous coating in doubly infected protoplasts was rare or non-existent. Extracts of doubly infected protoplasts produced very few TRV-CAM lesions after treatment with homologous antibody, and they produced no RRV-E lesions after incubation with RRV-E antibody. These tests do not rule out the possibility that particles are produced containing the coat proteins of both viruses ('phenotypic mixing'; Streisinger, I956) although this seems unlikely for geometrical reasons (RRV coat protein = 54ooo tool. wt.-Mayo, Murant & Harrison, I97I -whereas TRV coat protein = 22ooo mol. wt. I975) . Nevertheless, attempts were made to detect phenotypic mixing by examining the particles that attached to antiserum-coated electron microscope grids exposed to extracts of singly
Interaction between RRV and TRV I43
and doubly infected protoplasts. In these tests many particles of the characteristic shape (400 to 1500 of RRV-E or 4o to 25o of TRV-CAM per electron microscope plate) from both kinds of extract became attached to grids treated with the homologous antiserum, but few particles with the morphology of the heterologous virus (< 4 per electron microscope plate) were seen. No particles of unusual morphology were observed when extracts of doubly infected protoplasts were examined. These results provided no evidence of phenotypic mixing, although they probably do not rule it out.
Protoplasts from singly and doubly injected leaves Protoplasts were prepared in the usual way from systemically infected leaves of Nicotiana benthamiana plants inoculated I2 days previously and kept in a controlled environment (25 °C for Iz h per day in light of intensity Io8oo lux, then 2o °C for I2 h in darkness). Plants infected singly with TRV-CAM were almost symptomless, those with only RRV-E had line patterns on the first systemically infected leaves and those with both viruses had systemic ringspots, mottling and leaf rugosity not confined to the first systemically infected leaves. When protoplasts were prepared and immediately treated with fluorescent antibody, 9I % of those from leaves singly infected with TRV-CAM, and 95 % of those from doubly infected leaves, stained with TRV-CAM antibody. RRV-E antibody gave weak generalized staining of many protoplasts from singly infected plants whereas 45 % of protoplasts from doubly infected plants contained antigen aggregates. These results show that RRV antigen aggregates are produced in intact plants as well as in inoculated protoplasts, and that the phenomenon occurs in at least two species, N. benthamiana and N. tabacum. In some experiments, a proportion of the protoplasts from doubly infected leaves contained granules that stained with antibody to TRV-CAM, instead of having the usual more reticulate distribution of stain; this proportion was the same as that in which RRV antigen aggregates occurred.
In further experiments, protoplasts prepared from N. benthamiana plants infected with one virus were inoculated with the other, and incubated in the usual way before staining with fluorescent antibody (Fig. I) . Of the protoplasts superinoculated with TRV-CAM nearly half became infected, and many of these developed RRV antigen aggregates (Table 8 ; Fig. I h) . Of the protoplasts superinoculated with RRV-E, about half developed antigen aggregates (Fig. I d) , suggesting that the protoplasts infected with TRV-CAM were about as susceptible to infection with RRV-E as protoplasts from healthy Xanthi tobacco leaves.
Formation of mixed virus aggregates in vitro
A possibility not tested in the foregoing experiments is that RRV and TRV-CAM particles have a mutual affinity and so RRV assumes a distribution more like that of TRV-CAM in doubly infected cells or protoplasts. When purified preparations of TRV-CAM and RRV-E (each at 4o #g/ml) in o'06 K-phosphate buffer at pH 7"o were mixed, turbidity increased about m-fold, most of the increase occurring within I min (Fig. 2) . The turbidity increased or decreased with increase or decrease in concentration of either virus in the mixture and is considered to be caused by formation of mixed virus aggregates. Electron microscopy of such mixtures revealed aggregates of virus particles, and some of the aggregates produced in mixtures containing each virus at Io to 2o #g/ml were small enough for it to be seen that they contained both viruses, in a ratio of 2 to 3 RRV-E particles to I TRV-CAM particle (Fig. 3) . RRV-E particles were associated with ends and sides of TRV-CAM particles. The aggregates contained both long and short TRV-CAM particles in the ratio of about I : 3. RRV-E (c, d) . (e to h) Protoplasts from plants infected with R.RV-E; (e) and (g) before, and (f) and (h) after, superinfection with TRV-CAM and staining with fluorescent antibody to TRV-CAM (e, f) or RRV-E (g, h) . Note the aggregates of RRV-E antigen produced in (d) and (h), and the TRV-CAM antigen produced in (f).
Turbidity also developed when T R V -C A M was mixed with R R V -L G or RRV-S but not when mixed with TBRV (all at 4o/~g/ml). Turbidity did not increase when R R V -E was mixed with TMV, T R V -P R N or T R V -H S N (Fig. 2) . The specificity of this in vitro reaction was therefore the same as that found for production of R R V antigen aggregates in vivo.
Some characteristics of the reaction were studied in further tests, using both viruses at 4o #g/ml. Turbidity developed to the same extent in virus mixtures at p H 5"o to 8"5 in o.o6 M-phosphate buffer, and using the following buffers: o.I M-cacodylate and o'o5 M-tris at p H 7"o, and o'o5 M-citrate at p H 6.o. The reaction did not occur in distilled water, but turbidity increased with increasing molarity of phosphate buffer, p H 7"o, mainly in the Expt. [ R.
--R. Virtually all protoplasts in this sample showed diffuse cytoplasmic staining. Time after mixing (rain) Fig. 2 . Specificity of the interaction producing turbidity (E3~o) on mixing purified virus preparations in o-o6 M-phosphate, pH 7'0, at 20 °C. Each virus was at 4o/zg/ml. Traces show the rapid reaction using RRV-E + TRV-CAM, and lack of reaction using RRV-E and TRV-HSN. Each virus gave a constant E320 reading when incubated alone: o'oo5 for RRV-E, o'oi5 for TRV-CAM and o'o35 for TRV-HSN. range o-oI to 0"05 M (Fig. 4) . Turbidity was almost abolished when 0"3 M-NaC1 or more was added to virus mixtures in o.oo2 or o.o6 M-phosphate, pH 7.o (Fig. 4) , and it reappeared when the NaC1 was removed by dialysis against o.o6 M-phosphate. Virus aggregation occurred from 5 to 3o °C but was reversed by heating virus mixtures containing o-o6 Mphosphate, pH 7'o, to 40 °C; it developed again on cooling to 2o °C.
To determine whether particles of the two viruses are oppositely charged in conditions in which aggregates form, each virus was electrophoresed in a sucrose density gradient containing o.o6 M-phosphate, pH 7"5. In these conditions, TRV-CAM moved towards the anode with a R~5 value of about o'5 and RRV-S moved towards the anode with a R~ value of about o'35. Aggregation therefore cannot be ascribed to electrostatic attraction of oppositely charged particles.
DISCUSSION
The results described in this and the companion paper (Barker & Harrison, I977) indicate several characteristics of the interaction between RRV and TRV-CAM that leads to the productiotl of RRV antigen aggregates in vivo. The aggregates occur in inoculated protoplasts of two Nicotiana spp. and in intact N. benthamiana plants, and develop only in doubly infected protoplasts or cells in which TRV-CAM nucleoprotein particles are synthesized. They develop when both viruses replicate simultaneously or when one of the pair replicates in a protoplast which is already at an advanced stage of infection with the other. They do not seem to result from enhanced accumulation of RRV or to be associated with either heterologous coating or phenotypic mixing. The interaction did not occur when TBRV, another nepovirus, was substituted for RRV or when TMV or other strains of TRV were substituted for TRV-CAM; however, strains of RRV that are readily distinguishable serologically gave antigen aggregates. This specificity is the same as that found in experiments in which the development of turbidity was followed after mixing purified preparations of different viruses. The most plausible explanation of these results is that RRV antigen aggregates form in vivo because of the affinity between RRV particles or coat protein and TRV-CAM nucleoprotein particles, the longer of which are attached end-on to the outer surface of mitochondria in leaf cells (Harrison & Roberts, I968) and inoculated protoplasts (Kubo et al. I975) .
We have no direct evidence of whether the property of TRV-CAM particles that enables them to aggregate with RRV particles in vitro is the same as that causing binding of TRV-CAM particles to mitochondria, but the two strains of TRV that do not produce in vitro aggregates with RRV also do not typically become associated with mitochondria (Harrison, Stefanac & Roberts, I97o; B. D. Harrison & I. M. Roberts, unpublished results) . However, whereas only the longer TRV-CAM particles are consistently associated with mitochondria in vivo, both long and short particles occur in in vitro aggregates with RRV.
The nature of the in vitro aggregation of the two viruses is not clear. Superficially it resembles the mutual precipitation that occurs when particles of TMV and brome mosaic virus are mixed at pH values between their isoelectric points (Kassanis & Kleczkowski, I965) . However, unlike this reaction, that between RRV and TRV-CAM does not occur in salt-free solutions and is observed at pH values where particles of both viruses have a net negative charge. The reaction seems to be one that increases hydrophobicity but further work is needed to elucidate the details of the process.
Our finding that protoplasts from systemically infected leaves can be infected by inoculation with another virus allowed it to be shown that superinfection can alter the distribution of a virus within a protoplast already at a late stage of infection. Superinfection should also have other applications in experiments with protoplasts.
